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Abstract Obstructive Sleep Apnea (OSA), characterized by airflow cessation (apnea) or 
reduction (hypopnea) due to repeated pharyngeal obstructions during sleep, causes 
frequent disruption of sleep and hypoxic events. The condition is linked to many adverse 
health related consequences, such as neurocognitive and cardiovascular disorders, and 
metabolic syndrome. OSA is a chronic condition requiring long-term treatment, so 
treatment using continuous positive airway pressure (CPAP) has become the gold standard 
in cases of moderate or severe OSA. However, its effectiveness is influenced by patients’ 
adherence. Surgery for OSA or treatment with oral appliances can be successful in selected 
patients, but for the majority, lifestyle changes such as exercise and dietary control may 
prove useful. However, exercise training remains under-utilized by many clinicians as an 
alternative treatment for OSA. Other interventions such as oral appliance (OA), upper way 
stimulation, and oropharyngeal exercises are used in OSA. Because the benefit of all these 
techniques is heterogeneous, the major challenge is to associate specific OSA therapies 
with the maximum efficacy and the best patient compliance. 
Keywords  OSA, oral appliance, upper way stimulation, oropharyngeal exercises, pulmonary 
rehabilitation 
Highlights ✓ Even though the role of OA is similar to that of CPAP in clinical practice, clinicians may 
not achieve the abolition of all obstructive events during sleep by means of OA. 
✓ There is currently an alternative therapy to CPAP or OA for subjects with mild to moderate 
OSA, consisting in the use of upper airway stimulation devices.    
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Introduction 
Obstructive sleep apnea is characterized by airflow 
cessation (apnea) or reduction (hypopnea) due to repeated 
pharyngeal obstructions during sleep, causing frequent 
disruption of sleep and hypoxic events. The 
pathophysiology of OSA varies and includes different 
underlying mechanisms, such as the effectiveness of the 
upper airway dilator muscles (genioglossus), the upper 
airway anatomy, the arousal threshold of the individual, 
and the inherent stability of the respiratory control system 
(1). It is well-know that obesity is the most significant risk 
factor, with other factors such as smoking, alcohol abuse, 
chronic nasal congestion, male gender, age, and the use of 
sedative medications playing a significant role in OSA 
development (2, 3). In addition, OSA is linked to many 
adverse health-related consequences, such as 
neurocognitive and cardiovascular disorders, and 
metabolic syndrome (4, 5, 6). OSA has become a chronic 
condition which requires long-term treatment, so treatment 
using continuous positive airway pressure (CPAP) has 
become the gold standard in cases of moderate or severe 
OSA, but its effectiveness is influenced by patients’ 
adherence. Surgery for OSA or treatment with oral 
appliances can be successful in selected patients (4), but for 
the majority, lifestyle changes such as exercise and dietary 
control may also prove useful. However, exercise training 
remains under-utilized by many clinicians as the 
alternative treatment for OSA (7). Other interventions such 
as oral appliance (OA), upper way stimulation, and 
oropharyngeal exercises are used in OSA.  
Discussion 
Prevalence 
OSA has been recognized as a very common pathology 
in recent years, but it still remains undiagnosed and 
untreated in many cases. Apnea-hypopnea index (AHI) 
quantifies both sleep apnea severity and the number of 
apneal or hypopneal obstructive events per hour of sleep. 
The prevalence of OSA was found to be 24% in men and 
9% in women aged 30-60 years, thus defining OSA as an 
AHI greater than 5 events/hour in the Wisconsin Sleep 
Cohort in the United States of America. The values of 
prevalence worldwide do not vary significantly, thus 
confirming that OSA is as common in the developing 
world as in the occidental society (8). In Europe, the 
prevalence may be even greater, taking into account that 
modern diagnostic techniques are used. For example, in a 
Swiss study including over 2,000 subjects with the 
diagnosis of moderate-severe OSA, the prevalence was 
23.4% in females and 49% in males (9). 
Risk Factors 
The highest risk factor for OSA is obesity, especially 
central adiposity. According to the worsening pandemic 
obesity worldwide, the prevalence of OSA is yet 
increasing. Moreover, obesity may contribute to the 
development of OSA by affecting the upper airway 
mechanisms (2). The deposition of fat in the 
parapharyngeal region can reduce the caliber and promote 
collapsibility by modifying the shape of the upper airway. 
Obesity is also responsible for reducing the lung volumes 
and increasing airflow resistance (10). In the pathogenesis 
of obesity, a key role is represented by the interaction 
between OSA and obesity, in part because excessive 
daytime sleepiness and other symptoms of OSA may 
accelerate weight gain due to reduced physical activity and 
energy expenditure. Weight loss is a key measure of 
therapy for overweight or obese patients with OSA, as it 
may confer a positive impact on other diseases such as 
cardiovascular disorders and type 2 diabetes and it may 
reduce the severity of OSA (8, 11). 
There is an age-related increase in the prevalence of 
OSA. Some mechanisms include changes in the anatomic 
parapharyngeal structures, parapharyngeal fat deposition, 
and lengthening of the soft palate (12). It is also well 
acknowledged that there is a 2 to 3-fold higher prevalence 
of OSA in men compared to women (8). Men present 
themselves more often for the clinical assessment for OSA 
because they have typical symptoms of OSA (loud snoring, 
witnessed apneas, and excessive daytime sleepiness). This 
fact is responsible for the underdiagnosed OSA in women, 
with women more likely presenting with atypical 
symptoms such as poor energy levels and fatigue (13). 
In addition, multiple craniofacial features related to 
pharyngeal soft tissue or skeletal morphology may 
predispose to upper airway collapse. Hyoid position, 
mandibular size, and maxillary height have been associated 
with an increased risk for OSA. Decreased velopharyngeal 
area and tonsillar hypertrophy are soft tissue features that 
have been associated with increased upper airway 
collapsibility (1). 
Smoking is another factor implicated in the 
development of OSA. The data are controversial, as the 
effect of nicotine decreases the upper airway resistance 
with a consequent reduction in the risk of OSA, whereas in 
case of withdrawal, this resistance would become more 
important and would cause a greater risk of OSA. Smoking 
is a well-acknowledged risk factor for respiratory diseases, 
various neoplasia, and metabolic disorders. Various 
compounds in cigarette smoke, such as volatile organic 
compounds, heavy metals, and nicotine are responsible for 
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the increased oxidative stress and systemic inflammation, 
with an important role in the occurrence of lipid and 
glucose metabolic dysfunction and endothelial injury, 
resulting in the development of cardiovascular, cognitive, 
and metabolic disorders (14, 15). 
Diagnosis 
Recognizing and treating OSA is very important in 
clinical practice. The first step in the diagnosis is a clinical 
evaluation, which involves a sleep history and a physical 
examination of the respiratory, cardiovascular, and 
neurologic systems. The examiner should note symptoms 
such as snoring, witnessed apneas, nocturnal choking or 
gasping, and restlessness and excessive sleepiness. The 
differential diagnosis is made through the general 
evaluation in order to select the appropriate test(s) and to 
recognize the associated medical conditions such as 
obesity, hypertension, stroke, and congestive heart failure. 
In the diagnosis of OSA, nocturnal polysomnography is the 
gold standard, but in cases of high suspicion of OSA, 
nocturnal cardiorespiratory polygraphy is edifying. In the 
third edition of the International Classification of Sleep 
Disorders (ICSD-3), OSA is defined as a respiratory 
disturbance index (RDI) ≥ 5 events/hour of sleep in 
patients who associate typical symptoms of OSA (daytime 
sleepiness, fatigue or insomnia, unrefreshing sleep, loud 
snoring, witnessed apneas, awakening with a gasping or 
choking sensation), or an RDI ≥ 15 events/hour of sleep 
(even in the absence of symptoms) (16).  
Comorbidities 
A high prevalence of comorbidities in seen in OSA 
patients (17). There are specific patterns, with men more 
often affected by diabetes and ischemic hearts disease and 
women by hypertension and depression (18, 19). Also, 
OSA is responsible for the development of cardiovascular 
and cerebrovascular diseases through high sympathetic 
nervous activity, oxidative stress, systemic inflammation, 
intermittent hypoxia, systemic hypertension, endothelial 
cell dysfunction, and accelerated atherosclerosis. Systemic 
hypertension is the most studied cardiovascular 
comorbidity in OSA. Respiratory events such as apneas or 
hypopneas during sleep are followed by hypertensive 
peaks, so that a variability of blood pressure may occur. 
Another aspect in these patients is resistant hypertension or 
incomplete blood pressure control on maximum drug 
therapy (20). In patients with OSA, atrial fibrillation is very 
frequent, with CPAP therapy having a protective role (21). 
Another pathology with a high prevalence in OSA patients 
with central obesity is metabolic syndrome (MetS), 
responsible for increasing cardiovascular risk. Recent 
studies have also shown that OSA is part of the MetS. The 
intermittent hypoxia and the sleep loss or fragmentation are 
involved in the pathogenesis of insulin resistance (17). In 
these conditions, OSA treatment with sufficient adherence 
(at least 4 hours/night) is required besides the 
implementation of lifestyle interventions and weight loss 
programs (22).  
The association between OSA and chronic obstructive 
pulmonary disease (COPD), known as “overlap syndrome” 
from the early studies (23), has a prevalence of 1.0 to 3.6% 
in the general population, 8-56% in OSA patients, and 3-
66% in COPD patients (24). In COPD patients who have 
consulted clinicians for pulmonary rehabilitation, a severe 
form of OSA has been diagnosed in 45% of the cases, with 
these patients having poor sleep quality and 
hypoventilation episodes during sleep (17, 25). Moreover, 
overlapping patients have higher rates of mortality 
compared to OSA patients, and in this direction there is a 
protective effect of CPAP treatment (26). These data 
suggest that a low body mass index (BMI) in patients with 
COPD protects against OSA, but the upper airway and the 
systemic inflammation are responsible for increasing the 
prevalence of OSA in COPD patients (27).  
Asthma and OSA are often associated, so asthmatic 
patients often report symptoms such as daytime sleepiness, 
poor asthma control, and poor quality of life.  In patients 
with difficult-to-treat asthma, the prevalence of OSA is 
about 49%. Patients with severe asthma show poor sleep 
quality and excessive daytime sleepiness. Often, asthmatic 
patients present hypopneas. It appears that both asthma and 
OSA play a synergistic role in the upper airway 
inflammation, in part because the upper airways seem to be 
smaller in patients with asthma and OSA (17). 
Therapeutic Attitudes in OSA 
In the last two decades, advances in sleep medicine and 
the availability of improved diagnostic tools have led to a 
better recognition and treatment of the disease. The 
management of patients with OSA requires a 
multidisciplinary approach, and many treatment options 
are currently available in order to eliminate the nocturnal 
apnea events and the intermittent hypoxia. Positive airway 
pressure (PAP), available since the beginning of the 1980s, 
provides the most effective and commonly used treatment. 
PAP devices function as a pneumatic support that 
maintains upper airway patency by increasing the upper 
airway pressure above a ‘critical’ value (the pressure value 
under which the airways collapse). The device is applied to 
the patient through a nasal or oronasal mask, overnight or 
during sleep hours at a set positive pressure. This pressure 
can vary according to the severity of OSA, so higher 
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pressures are needed in order to make nocturnal apneas 
disappear. PAP therapy is indicated in patients with an AHI 
greater than 15 events/hour of sleep, independently from 
the presence of comorbidities and severity of symptoms. If 
the AHI is above 5 and below 15, PAP is indicated in the 
presence of comorbidities such as hypertension, coronary 
artery disease, or previous cerebrovascular accidents, or in 
the presence of other symptoms (i.e., sleepiness, impaired 
cognition, mood disorders) (28, 29). Alternative options 
include weight control, mandibular advancement devices, 
oral appliance, upper airway stimulation, oropharyngeal 
exercises, and a number of upper airway surgical 
approaches.  
Lifestyle Intervention 
As previously shown, obesity is an important risk factor 
for OSA, and over 70% of patients with OSA suffer from 
obesity. A strict correlation has recently been established 
between the body mass index (BMI) and AHI. Weight loss 
is therefore a main goal in the management of OSA and all 
patients should be encouraged to control their weight (30).  
The term “Mediterranean diet” refers to many common 
features including the abundant use of olive oil as the main 
culinary source of fat, plentiful consumption of plant-based 
foods (e.g. nuts, vegetables, fruits, cereals, grains and 
vegetables), consumption of fresh and varied fruits, 
frequent consumption of fish and other seafood, moderate 
wine consumption with meals, limited meat (mainly 
poultry) or processed meat intake, and low-to-moderate 
consumption of processed products (31). Besides this, the 
Mediterranean diet is characterized by abundant plant 
foods with antioxidant molecules which have an anti-
inflammatory effect. Longer beneficial effects of a 
moderate-carbohydrate (40%), high-fat (40%) calorie-
restricted Mediterranean diet on weight and waist 
circumference have been demonstrated among individuals 
with metabolic syndrome or more cardiovascular risk 
factors. Therefore, a Mediterranean diet seems a promising 
approach to reduce mechanical loads and thus improve 
OSA severity, compared to a low-fat, calorie-restricted diet 
(32, 33). 
In a study comparing the Mediterranean diet with a 
low-carb diet, patients in the Mediterranean diet group had 
a greater improvement in AHI after 6 months, mainly due 
to an important reduction of the waist circumference, 
improved upper airway neuromuscular control, and upper 
airway muscular capacity (34). 
While dietary-induced weight loss is effective in the 
treatment of OSA, OSA influences weight loss through 
sleep fragmentation and poor sleep quality, so these 
mechanisms could have implications for therapeutic 
approaches. Borel et al. studied this assumption in a group 
of males with visceral adiposity who underwent a weight 
loss intervention that included nutritional counselling and 
moderate physical activity promotion. At one-year follow-
up, males with OSA had smaller reductions in waist 
circumference, in total fat mass and triglycerides, and 
attenuated improvement in high-density lipoprotein 
cholesterol compared to males without OSA (35). In a 
study by Spiegel et al. (36), the variation of leptin and 
ghrelin levels were correlated with increased sympathetic 
nervous system activity or cardiac sympathovagal balance 
due to sleep loss. In addition, the subjects with sleep 
deprivation self-reported increased hunger, probably due to 
increased signaling towards reward and pleasure centers of 
the brain that enhance the hedonic perception of food, 
which would drive motivation for food seeking and 
consumption. The obvious implication of these findings is 
that inadequate sleep resulting from OSA could promote 
excessive eating, especially with high carbohydrate 
content, and impair weight loss, but there was no 
information related to diet prior to undergoing these sleep 
protocols (36, 37). 
Training Programs 
Physical activity (PA) has been recognized as a key 
determinant for good health. PA is defined as any training 
program resulting in energy expenditure. A PA plan is 
scheduled, repetitive, structured, and purposive in the sense 
that it maintains or improves one or more objectives (38). 
Moreover, several studies have demonstrated that low 
levels of PA are associated with higher incidence of OSA, 
obesity, and metabolic syndrome (39, 40). It is possible that 
patients with OSA are unable to do physical exercises due 
to excessive daytime sleepiness and fatigue (39). The 
exercises have multiple effects on OSA, such as improving 
the severity of OSA, decreasing the severity of central 
sleep apnea in patients with chronic heart failure and 
reducing the occurrence of cardiovascular diseases, 
impaired glucose tolerance, and fatigue (41). The AASM 
recommends training programs as a treatment option for 
patients with OSA, given that regular PA reduces the 
prevalence of OSA (42, 43).  
A meta-analysis by Iftikar et al. showed that exercise 
training has a significant effect on AHI that seems to be 
independent of the BMI changes. The exercises improve 
upper airway dilator functions during sleep and another one 
refers to the possibilities of including PA in the daily 
routine that seems a reorganization of parapharyngeal fat 
distribution and diminishes the arousals. Moreover, the 
improvement in sleep efficiency with exercise is similar to 
what is typically achieved with CPAP. Likewise, the 
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effects on daytime sleepiness (as measured by the Epworth 
Sleepiness Scale) with exercise training is similar to those 
seen with CPAP (44). 
Oral Appliance 
Oral appliances (OA) are the second most-used therapy 
in treating snoring and mild to moderate OSA as a primary 
therapy or as an alternative in patients who do not tolerate 
CPAP devices. It involves the application of dental splints 
in order to maintain the mandible in an advanced position 
and/or the tongue in a protruded position, in order to 
prevent upper airway obstruction during sleep. Imaging 
studies show that the lateral dimension of the 
velopharyngeal region is increased due to mandibular 
advancement resulting in an enlarged upper airway space. 
The lateral tissue movement via connections between the 
lateral walls and the ramus of the mandible leads to the 
lateral expansion of the airway space. Also, the mandibular 
advancement determines an anterior tongue movement. 
While CPAP and OA therapies are responsible for reducing 
the upper airway collapse during sleep, they differ in 
efficacy, cost and side effects. The type of OA device is 
very important in order to quantify the amount of 
mandibular advancement responsible for the decrease of 
AHI (45). The role of adjustable OA devices is to obtain 
the optimum symptom relief and achieve a significant 
reduction in the AHI for subjects with a baseline AHI >10 
events/hour of sleep (46, 47).  
Generally, the treatment effect is determined by the 
level of advancement, but clinicians must take into 
consideration the potential side effects. One study by Kato 
et al. compared 3 levels of advancement (2, 4, and 6 mm), 
concluding that improvement in overnight oximetry (25%, 
48% and 65% of patients showing improvement in 
desaturation) and in the upper airway closing pressures 
varies with the degree of advancement (48). In mild to 
moderate OSA patients, there is no significant difference 
between the levels of advancement (50% or 75%) in 
reducing AHI or the proportion of patients successfully 
treated (49). However, in patients with severe OSA, 
maximizing the level of advancement by 75% compared to 
the 50% maximum advancement is important in order to 
achieve a successful treatment (50). 
OA therapy has often been indicated in mild cases of 
OSA, and the severity of OSA decreases even more with 
OA in patients with higher baseline AHI, but there is a 
smaller probability of achieving an AHI < 5 events/hour of 
sleep. Despite the inferiority of efficacy when compared 
with CPAP, OA is preferable in patients who do not 
tolerate CPAP, being very useful in such cases. Lorenzi-
Filho demonstrated that when compared to CPAP, OA has 
the same effectiveness on symptomatology such as 
excessive daytime sleepiness, quality of life, and the 
improvement of cardiovascular biomarkers such as 
endothelial function, blood pressure, and microvascular 
reactivity (51). In obese patients, while the BMI increases, 
OA is not so efficient. OA should be considered a 
potentially complementary therapy in addition to CPAP in 
order to improve treatment outcomes. Almeida et al. 
demonstrated that patients who were compliant with CPAP 
(>4 hours/night) showed improvements in 
symptomatology (especially excessive daytime 
sleepiness), even in the nights they were not wearing it by 
using OA. Patients using OA have an option for a day off 
CPAP, resulting in less pressure on the teeth by wearing 
OA. Combination therapies are preferred in order to 
improve adherence, with a decrease of a specific treatment 
side effect or burden. In conclusion, the oral appliance is 
used specifically to decrease snoring in mild, moderate, or 
severe OSA, preferably intermittently or with CPAP as it 
is a simple and cost-effective therapy (52). 
Upper Airway Stimulation 
Unilateral and phasic upper airway stimulation (UAS) 
stimulates the hypoglossal nerve, resulting in the 
augmentation of the neural drive, through a device that acts 
via a cuff electrode connected to an implanted impulse 
generator that incorporates an effort sensor placed between 
the intercostal muscles. Only one device is currently 
approved by the Food and Drug Administration (FDA) in 
the USA. In this way, the tongue protrudes through a 
stimulation sequence that can be programmed. The UAS 
can be turned on by the patient with a programmer and it is 
used only during the sleep period and can be activated via 
a patient programmer. By combining the forward 
movement of the tongue with the mechanical coupling of 
the soft palate, clinicians can obtain an enlargement of the 
retro lingual and retro palatal airways (53). The 
Stimulation Therapy for Apnea Reduction (STAR) 
improved the oxygen desaturation index by 70% (25.4 to 
7.4 events/h), reduced AHI by 68% (29 to 9 events/h), and 
also had a beneficial effect on decreasing the arousal index. 
This device can also be used as an additional tool in 
subjects with moderate to severe OSA because it improves 
the excessive daytime sleepiness as quantified by the 
Epworth Sleepiness Scale (ESS) and increases the quality 
of life as measured by the Functional Outcomes of Sleep 
Questionnaire (FOSQ). Before proceeding to UAS, OA 
should be the first recommended procedure. These 
procedures will improve the hypoglossal nerve mapping 
and how clinicians might quantify the impact of UAS in 
anatomy. Studies have shown that UAS is not an option for 
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morbidly obese patients, but more sophisticated analyses 
(imaging and/or polysomnography) need to be done. 
Examining the role of complementary treatments in 
incomplete responders with targeted surgery, OA, weight 
loss, or medications needs to be explored (54).  
Oropharyngeal Exercises 
Considering the role of the dilator muscles of the upper 
airway in OSA, several studies have investigated the 
effects of oropharyngeal exercises on OSA severity. 
Oropharyngeal exercises (Oropharyngeal myotherapy - 
OMT) are a treatment modality used for patients with 
orofacial myofunctional disorders, with benefits on the 
orofacial structures and on the cervical muscles. OMT 
implies exercises and other strategies capable of increasing 
sensitivity, proprioception, mobility, coordination, and 
strength of orofacial structures. At the same time, OMT 
favors a good performance of respiration, mastication, 
deglutition, and speech.  Guimarães et al. demonstrated 
that oropharyngeal exercises target soft palate elevation 
and that they recruit several upper airway muscles, such as 
the tensor and the levator veli palatini, as well as the muscle 
fibers of the palatopharyngeal and palatoglossal muscle, 
tongue repositioning, and training of the mandibular 
elevation in order to avoid mouth opening during the night 
(55). One of the goals of training was to increase the tone 
of the elongated soft palate and uvula, as it is well-known 
that elongation of this structure is associated with higher 
rates of obstructive apnea, AHI, and respiratory 
disturbance index (56). The study included 31 patients with 
moderate OSA and divided them into two groups: the first 
group received placebo, and the other group received OMT 
targeting the lateral pharyngeal wall, the tongue, and the 
soft palate (55). After three months of exercise training, 
AHI was reduced by 39% and the lowest oxygen saturation 
during sleep was elevated. Another recent review 
demonstrated a 50% reduction of AHI in patients with 
OMT (57). Also, in cases of a mean baseline ESS score 
greater than 10, patients showed a significant improvement 
after OMT, with a mean reduction of six points (58). More 
recently, Ieto et al. have shown that after 3 months of 
oropharyngeal exercises, subjects showed a 36% reduction 
in snoring frequency and a 59% reduction in the overnight 
power of snoring (59). In addition, another study showed 
that oropharyngeal exercises cause various effects in the 
treatment of mild to moderate obstructive sleep apneal 
syndrome, such as: the significant reduction of the patients’ 
neck circumference, the improvement of symptoms like 
daytime sleepiness and snoring intensity, the significant 
improvement in sleep indices minimum oxygen saturation, 
SaO2 < 90 %, sleep efficiency, arousal index, and total 
sleep time N3 stage of sleep. Although it is not clear how 
OMT can influence the collapsibility of the upper airway 
during sleep, it has been speculated that OMT can 
influence the remodeling of the upper airway. The 
oropharyngeal exercises are a complex and integrated 
approach, which is why clinicians cannot quantify the 
improvement of each exercise. In addition, the exercises 
must be performed with a specific frequency (two or three 
times a day) and this may limit the clinical applicability. 
Therefore, how well patients adhere to oropharyngeal 
exercises in ‘real-world’ clinical practice is still unknown 
(60). 
Conclusions 
Over the past years, due to the increasing prevalence of 
OSA, new therapies beyond CPAP have been developed 
and are now currently available. The first treatment option 
in selected cases with mild OSA is OA, but new evidence 
also suggests that OA may be effective in selected 
moderate to severe OSA cases.  
Even though the role of OA is similar to that of CPAP 
in clinical practice, clinicians may not achieve the abolition 
of all obstructive events during sleep by means of OA. 
There is currently an alternative therapy to CPAP or OA 
for subjects with mild to moderate OSA, consisting in the 
use of upper airway stimulation devices. The principle of 
oropharyngeal exercises is repetitive muscle training, with 
specific gains in the endurance of muscles, tonicity, and 
coordination that may improve the condition of muscle 
fatigue in subjects with OSA and act on the equilibrium of 
contraction between the different muscles that involve the 
velopharyngeal, oropharyngeal, and hypo pharyngeal 
segments.  
In addition, they can decrease the volume of specific 
structures and fat in the pharyngeal-dilating muscles, thus 
also reducing the potential upper airway collapse in apneic 
subjects. However, these hypotheses have not yet been 
verified. Because the benefit of all these techniques is 
heterogeneous, the major challenge is to associate specific 
OSA therapies with maximum efficacy and optimal patient 
compliance. 
Conflict of interest disclosure 
There are no known conflicts of interest in the 
publication of this article. The manuscript was read and 
approved by all authors. 
Therapeutic alternatives with CPAP in obstructive sleep apnea 
 187 
Compliance with ethical standards 
Any aspect of the work covered in this manuscript has 
been conducted with the ethical approval of all relevant 
bodies and that such approvals are acknowledged within 
the manuscript. 
References 
1. Subramani Y, Singh M, Wong J, Kushida CA, 
Malhotra A, Chung F. Understanding Phenotypes of 
Obstructive Sleep Apnea: Applications in Anesthesia, 
Surgery, and Perioperative Medicin. Anesthesia & 
Analgesia; 2017; 124(1): 179-91. 
2. Young T, Skatrud J, Peppard PE. Risk Factors for 
Obstructive Sleep Apnea in Adults. JAMA. 2004; 
291(16): 2013–2016.  
3. Vremaroiu-Coman A, Alexescu TG, Negrean V, 
Milaciu MV, Buzoianu AD, Ciumărnean L, Todea DA. 
Ethical aspects of smoking cessation among the 
population from Transylvania. Balneo Research 
Journal. 2018; 9(3): 254–259. 
4. Rotenberg BW, Vicini C, Pang EB, et al. Reconsidering 
first-line treatment for obstructive sleep apnea: a 
systematic review of the literature. J Otolaryngol. 
2016; 45: 1–9. 
5. Cozma A, Sitar-Tăut A, Orăşan O, et al. Determining 
Factors of Arterial Stiffness in Subject with Metabolic 
Syndrome. Metabolic Syndrome and Related 
Disorders. 2018; 20: 1-7. 
6. Budin CE, Maierean AD, Ianosi ES, Socaci A, 
Buzoianu AD, Alexescu TG, Olteanu M, Rusu E, 
Moldovan CA, Nemes RM. Nocturnal Hypoxemia, a 
Key Parameter in Overlap Syndrome. Rev Chim. 
(Bucharest). 2019; 70 (2): 449-454. 
7. Iftikhar I, Bittencourt L, Youngstedt SD, et al. 
Comparative efficacy of CPAP, MADs, exercise 
training, and dietary weight loss for sleep apnea: a 
network meta-analysis. Sleep Med. 2017; 30: 7–14. 
8. Garvey JF, Pengo MF, Drakatos P, Kent BD. 
Epidemiological aspects of obstructive sleep apnea. J 
Thorac Dis. 2015; 7(5): 920–929. 
9. Heinzer R, Vat S, Marques-Vidal P, et al. Prevalence of 
sleep-disordered breathing in the general population: 
the HypnoLaus study. Lancet Respir Med. 2015; 3: 
310-8.  
10. Steier J, Lunt A, Hart N, et al. Observational study of 
the effect of obesity on lung volumes. Thorax 2014; 69: 
752-9. 
11. Rusu A, Todea D, Rosca L, Nita C, Bala C. The 
development of a sleep apnea screening program in 
Romania type 2 diabetic patients: a pilot study. Acta 
Diabetologica 2012; 49(2): 105-9. 
12. Kapur VK. Obstructive sleep apnea: diagnosis, 
epidemiology, and economics. Respir Care. 2010; 55: 
1155-67. 
13. Evans J, Skomro R, Driver H, et al. Sleep laboratory 
test referrals in Canada: sleep apnea rapid response 
survey. Can Respir J. 2014; 21: e4-10.  
14. Zhu H, Xu H, Chen R, et al. Smoking, obstructive sleep 
apnea syndrome and their combined effects on 
metabolic parameters: Evidence from a large cross-
sectional study. Sci Rep. 2017; 7(1): 8851. 
15. Budin CE, Marginean C, Bordea IR, Enache LS, 
Enache EL, Grigorescu BL, Biro L, Rusu E, Nemes RE, 
Todea DA. The Influence of Smoking on Nicotine 
Exposure Biomarkers and Inflammatory Profile 
Among Foster Care Teenagers, Romania. Rev Chim. 
2018; 69(12): 3659-63. 
16. Kapur VK, Auckley DH, Chowdhuri S, et al. Clinical 
Practice Guideline for Diagnostic Testing for Adult 
Obstructive Sleep Apnea: An American Academy of 
Sleep Medicine Clinical Practice Guideline. J Clin 
Sleep Med. 2017;13(3): 479–504. 
17. Bonsignore MR, Baiamonte P, Mazzuca E, 
Castrogiovanni A, Marrone O. Obstructive sleep apnea 
and comorbidities: a dangerous liaison. Multidiscip 
Respir Med. 2019; 14: 8.  
18. Mokhlesi B, Ham SA, Gozal D. The effect of sex and 
age on the comorbidity burden of OSA: an 
observational analysis from a large nationwide US 
health claims database. Eur Respir J. 2016; 47: 1162–
1169. 
19. Rusu A, Nita C, Todea D, Rosca L, Bala C, Hancu N. 
Correlation of the daytime sleepiness with respiratory 
sleep parameters in patients with sleep apnea and type 
2 diabetes. Acta Endocrinologica. 2011; 7(2): 163-71. 
20. Parati G, Lombardi C, Hedner J, Bonsignore MR, Grote 
L, Tkacova R, Lévy P, Riha R, Bassetti C, Narkiewicz 
K, Mancia G. EU COST Action B26 members. 
Recommendations for the management of patients with 
obstructive sleep apnoea and hypertension. Eur Respir 
J. 2013; 41: 523–538. 
21. Deng F, Raza A, Guo J. Treating obstructive sleep 
apnea with continuous positive airway pressure reduces 
risk of recurrent atrial fibrillation after catheter 
ablation: a meta-analysis. Sleep Med. 2018; 46: 5–11.  
22. Borel AL, Tamisier R, Böhme P, Priou P, Avignon A, 
Benhamou PY, Hanaire H, Pépin JL, Kessler L, Valensi 
P, Darmon P, Gagnadoux F. Obstructive sleep apnoea 
syndrome in patients living with diabetes: Which 
Corina Eugenia Budin et al. 
 188 
patients should be screened? Diabetes Metab. 2018. pii: 
S1262-3636(18)30163-0.   
23. Flenley DC. Sleep in chronic obstructive lung 
disease. Clin Chest Med. 1985; 6(4): 651–661. 
24. Shawon MS, Perret JL, Senaratna CV, Lodge C, 
Hamilton GS, Dharmage SC. Current evidence on 
prevalence and clinical outcomes of co-morbid 
obstructive sleep apnea and chronic obstructive 
pulmonary disease: A systematic review. Sleep Med 
Rev. 2017; 32: 58–68.  
25. Alexescu TG, Maierean A, Ciumarnean L, Budin C, 
Dogaru G, Todea DA. Rehabilitation therapies in stable 
chronic obstructive pulmonary disease. Balneo 
Research Journal. 2019; 10(1): 37–44. 
26. Putcha N, Crainiceanu C, Norato G, Samet J, Quan SF, 
Gottlieb DJ, Redline S, Punjabi NM. Influence of lung 
function and sleep-disordered breathing on all-cause 
mortality. A community-based study. Am J Respir Crit 
Care Med. 2016; 194: 1007–14. 
27. McNicholas WT. COPD-OSA Overlap Syndrome: 
Evolving evidence regarding epidemiology, clinical 
consequences, and management. Chest. 2017; 152: 
1318–26. 
28. Epstein L, Kristo D, Strollo P, Friedman N, Malhotra 
A, Patil S, et al. Clinical guideline for the evaluation, 
management, and long-term care of obstructive sleep 
apnea in adults. J Clin Sleep Med. 2009; 5: 263–276.  
29. Coman AC, Todea DA, Popa E, Radu T, Cadar O, 
Borzan C. Multilateral characterization of masks and 
tubes surfaces in contact with respiratory system 
through ventilation. Journal of Optoelectronics and 
Advanced Materials. 2015; 17(9-10): 1563-71. 
30. Tuomilehto H, Seppä J, Uusitupa M. Obesity and 
obstructive sleep apnea – clinical significance of 
weight loss. Sleep Med Rev. 2013; 17: 321–9.  
31. Todea DA, Suatean I, Coman AC,Rosca LE. The Effect 
of Climate Change and Air Pollution on Allergenic 
Potential of Pollens Notulae Botanicae Horti 
Agrobotanici. 2013; 41(2): 646-50.  
32. Estruch R, Martínez-González MA, Corella D, et al. 
Effect of a high-fat Mediterranean diet on bodyweight 
and waist circumference: a prespecified secondary 
outcomes analysis of the PREDIMED randomised 
controlled trial. Lancet Diabetes Endocrinol. 2016; 4: 
666–76. 
33. Todea D, Cadar O, Simedru D, Roman C, Tanaselia C, 
Suatean I, Naghiu A. Determination of Major-to-Trace 
Minerals and Polyphenols in Different Apple Cultivars, 
Not Bot Horti Agrobo. 2014; 42(2): 523-529. 
34. Jacobs DR, Steffen LM. Nutrients, foods, and dietary 
patterns as exposures in research: a framework for food 
synergy. Am J Clin Nutr. 2003; 78: 508S–513S. 
35. Borel AL, Leblanc X, Alméras N, et al. Sleep apnoea 
attenuates the effects of a lifestyle intervention 
programme in men with visceral 
obesity. Thorax. 2012; 67: 735–741. 
36. Spiegel K, Tasali E, Penev P, et al. Brief 
communication: sleep curtailment in healthy young 
men is associated with decreased leptin levels, elevated 
ghrelin levels, and increased hunger and appetite. Ann 
Intern Med. 2004; 141: 846–850.  
37. Rayner DV, Trayhurn P. Regulation of leptin 
production: sympathetic nervous system interactions. J 
Mol Med. 2001; 79: 8–20. 
38. Caspersen CJ, Powell KE, Christenson GM. Physical 
activity, exercise, and physical fitness: definitions and 
distinctions for health-related research. Public Health 
Rep. 1985; 100(2): 126–131. 
39. Simpson L, McArdle N, Eastwood PR, et al. Physical 
inactivity is associated with moderate-severe 
obstructive sleep apnea. J Clin Sleep Med. 2015; 
11(10): 1091–9. 
40. Marsaux CFM, Celis-Morales C, Hoonhout J, et al. 
Objectively measured physical activity in European 
adults: Cross-sectional findings from the food4me 
study. PLoS ONE. 2016; 11(3): 54–65. 
41. Holeab C, Paunica M, Curaj A. A complex method of 
semantic bibliometrics for revealing conceptual 
profiles and trends in scientific literature. The case of 
future-oriented technology analysis (FTA) science. 
Economic computation and economic cybernetics 
studies and research. 2017; 51(2): 23-37. 
42. Epstein LJ, Kristo D, Strollo PJ, et al. Clinical guideline 
for the evaluation, management and long-term care of 
obstructive sleep apnea in adults. J Clin Sleep Med. 
2009; 5: 263–276. 
43. Quan SF, O’Connor GT, Quan JS, et al. Association of 
physical activity with sleep-disordered breathing. Sleep 
Breath. 2007; 11: 149–157. 
44. Iftikhar IH, Kline CE, Youngstedt SD. Effects of 
exercise training on sleep apnea: A meta-analysis. Lung 
2014; 192: 175–184. 
45. Gindre L, Gagnadoux F, Meslier N, Gustin JM, 
Racineux JL. Mandibular advancement for obstructive 
sleep apnea: dose effect on apnea, long-term use and 
tolerance. Respiration. 2008; 76: 386–92. 
46. Lettieri CJ, Paolino N, Eliasson AH, Shah AA, Holley 
AB. Comparison of adjustable and fixed oral appliances 
for the treatment of obstructive sleep apnea. J Clin 
Sleep Med. 2011; 7: 439–45. 
Therapeutic alternatives with CPAP in obstructive sleep apnea 
 189 
47. Radescu OD, Albu S, Baciut MS, Coman AC, Bechir 
ES, Pacurar M, Todea DA. Results in the Treatment 
with Twin Block Polymeric Appliance of the 
Retrognathic Mandible in Sleep Apnea Patients. 
Materiale Plastice. 2017; 54(3): 473-476. 
48. Kato J, Isono S, Tanaka A, et al. Dose-dependent 
effects of mandibular advancement on pharyngeal 
mechanics and nocturnal oxygenation in patients with 
sleep-disordered breathing. Chest. 2000; 117: 1065–
72. 
49. Tegelberg A, Walker-Engstrom ML, Vestling O, 
Wilhelmsson B. Two different degrees of mandibular 
advancement with a dental appliance in treatment of 
patients with mild to moderate obstructive sleep 
apnea. Acta Odontol Scand. 2003; 61: 356–62. 
50. Walker-Engstrom ML, Ringqvist I, Vestling O, 
Wilhelmsson B, Tegelberg A. A prospective 
randomized study comparing two different degrees of 
mandibular advancement with a dental appliance in 
treatment of severe obstructive sleep apnea. Sleep 
Breath. 2003; 7: 119–30. 
51. Lorenzi-Filho G, Almeida Fr, Strollo Pj. Treating Osa: 
Current and Emerging Therapies Beyond CPAP. 
Respirology. 2017; 22(8): 1500-7.  
52. Almeida FR, Mulgrew A, Ayas N, Tsuda H, Lowe AA, 
Fox N, Harrison S, Fleetham JA. Mandibular 
advancement splint as shortterm alternative treatment 
in patients with obstructive sleep apnea already 
effectively treated with continuous positive airway 
pressure. J Clin Sleep Med. 2013; 9: 319–24.   
53. Safiruddin F, Vanderveken OM, de Vries N, Maurer JT, 
Lee K, Ni Q, Strohl KP. Effect of upper-airway 
stimulation for obstructive sleep apnoea on airway 
dimensions. Eur Respir J. 2015; 45: 129–38. 
54. Strollo PJ Jr, Soose RJ, Maurer JT, de Vries N, 
Cornelius J, Froymovich O, Hanson RD, Padhya TA, 
Steward DL, Gillespie MB et al.; STAR Trial Group. 
Upper-airway stimulation for obstructive sleep apnea. 
N Engl J Med. 2014; 370: 139–49.           
55. Guimarães KC, Drager LF, Genta PR, Marcondes BF, 
LorenziFilho G. Effects of oropharyngeal exercises on 
patients with moderate obstructive sleep apnea 
syndrome. Am J Respir Crit Care Med. 2009; 179: 962–
6.  
56. Mohamed AS, Sharshar RS, Elkolaly RM, Serageldin 
M. Upper airway muscle exercises outcome in patients 
with obstructive sleep apnea syndrome. Chest. 2017; 
66: 121–5. 
57. Camacho M, Certal V, Abdullatif J, Zaghi S, Ruoff 
CM, Capasso R, Kushida CA. Myofunctional therapy 
to treat obstructive sleep apnea: a systematic review 
and meta-analysis. Sleep 2015; 38: 669–75. 
58. Diaféria G, Santos-Silva R, Truksinas E, et al. 
Myofunctional therapy improves adherence to 
continuous positive airway pressure treatment. Sleep 
Breath. 2017; 21: 387–395.  
59. Ieto V, Kayamori F, Montes MI, Hirata RP, Gregório 
MG, Alencar AM, Drager LF, Genta PR, Lorenzi-Filho 
G. Effects of oropharyngeal exercises on snoring: a 
randomized trial. Chest. 2015; 148: 683–91.  
60. Verma RK, Johnson J JR, Goyal M, Banumathy 
N, Goswami U, Panda NK. Oropharyngeal exercises in 
the treatment of obstructive sleep apnoea: our 
experience. Sleep Breath. 2016; 20(4): 1193-1201. 
 
 
